Abstract
The adenovirus E1A proteins play an important role in the early stage of adenovirus infection and w x growth regulation of transformed cells 1,2 . E1A protein has been shown to interact with several celluw x lar proteins 3,4 . Correlation between regions of the E1A protein required for transformation and those for interactions with particular cellular proteins suggests that these interactions underlie the mechanism of the w x transforming functions of E1A 5-8 . E1A is also able to block terminal differentiation of certain estabw x lished cell lines 9,10 . Among the E1A associated Ž cellular proteins, pRb the product of the retinoblas-
. w x toma tumor suppressor gene 11 , pRb-related p107 w x w x 12 and p130 13-15 form a family of related proteins sharing homologous E1A-binding regions, so-called pocket regions. The growth suppressive properties of pRb are likely mediated mostly through interaction and modulation of the activity of transcription factors involved in cell cycle progression w x and cell differentiation 16 . p130 also is capable of arresting cells in the G1 phase of the cell cycle when expressed ectopically in the otherwise growing cells w x 17 . As a step to analyze possible roles of rat p130 in adenoviral transformation and cell cycle regulation of rat cells, we have isolated a cDNA for the rat p130 that shares characteristic features of the Rb gene family. Fig. 2 . Northern analysis of rat p130 mRNA. Total cellular RNA was isolated from cultured rat cells and adult rat tissues by a w x guanidinium-CsCl method 38 . Ten mg of RNA were run on a 1% formaldehyde-agarose gel, blotted to a nylon membrane, and probed 32 Ž . with P-labeled rat p130 cDNA. mRNA for rat glucose 3-phosphate dehydrogenase G3PDH was also detected using a specific hybridization probe as an internal control of RNA quantity. Relative signal intensity of p130 mRNA was obtained by analysing Among the amino acid sequences of human pRb w x w x w x w x 18 , p107 12 , p130 13-15 and mouse pRb 19 available at the beginning of this study, two hexapeptide sequences, FYKVIE in the A pocket and DRHLDQ in the B pocket region, were conserved w x X 15 . To minimize mismatches in the 3 region of the oligonucleotide primers, the nucleotide sequences of w x human p130 13 encoding the peptide sequences PHYHFYKV and HLDQLLM were used to design Ž . uct were sequenced and found to be identical except for variability between G and T at nucleotide 54 and between A and G at nucleotide 192. Consensus of them represented an additional 130 nucleotides to the 5 X end of previously isolated cDNA sequences and probably represents most, if not all, of the 5 X mRNA sequences including the translational initiation site. Additional 3 X sequences were also generated with a 3 X RACE method using the nested primers 5 X -CAG GAG GAA ACT ATC TTC AC-3 X , 5
X -GAG GTT CAC CTG AGG TTA G-3 X , and 5 X -AGT CCA AGC TGA ATT CCG GTT T-3 X to amplify the cDNA library. The reaction product extended the 3 X noncoding sequence by 1016 nucleotides. Both strands of the cDNA were sequenced using the dideoxy chain termination method. The resulting composite cDNA was 4.87 kb and encoded an open reading frame of 1135 Ž . amino acids beginning with an AUG Fig. 1 . The start codon was preceded by 66 nucleotides of untranslated 5 X -flanking sequences, which include an Ž . in-frame stop codon Fig. 1 . The cDNA also included 1401 nucleotides of 3 X -untranslated sequences. Based on the high homology to human p130 through Ž . the whole coding sequence Fig. 3 , we concluded that our cDNA is the rat p130 cDNA. It also has a w x high homology to the mouse homolog 21-23 reported during the preparation of this manuscript.
Northern analysis of total cellular RNA from several rat cell lines and tissues detected a doublet of mRNA species of approximately 4.8-5.0 kb, the same Ž . size as the p130 cDNA Fig. 2 . This indicated that our cDNA represents most, if not all, of the rat p130 mRNA. Although the rat p130 mRNA was shown to be expressed constitutively in many tissues, adult tissues such as spleen and thymus were found to express high levels of p130 mRNA, while tissues such as liver, kidney, intestine, brain and heart ex-Ž . pressed lower levels of p130 mRNA Fig. 2 . The level of p130 mRNA in transformed cells that express a chimeric E1A between type 12 and type 5 Ž . YNI-3 was essentially the same as in cells that Ž . Ž . express adenovirus type 5 E1A 5YC2 Fig. 2 .
Comparison of the rat p130 sequence with the sequences of rat pRb and human p130 confirmed that these proteins are related as shown in Fig. 3 . There is extensive sequence homology, 90% of identity, between the predicted amino acid sequences of the rat and human p130 throughout most of the reading frame of these proteins. Homology between the rat p130 and the rat pRb is rather limited mainly to the pocket regions. Within this regions 113 of 356 amino acid residues are identical between the rat p130 and pRb proteins, making 32% of identity. The sequence data also suggest differences in possible phosphorylation sites between pRb and p130 proteins that may be involved in the functional regulation. In the rat, mouse and human pRb sequences, ten potential phosphorylation sites of cyclin dependent protein SerrThr ki-Ž . Ž . nases CDKs -X-SrT-P-X-KrR-which seem to regulate the function of pRb are completely conserved: four in the N-terminal region, one in the w x spacer region and five in the C-terminal region 24 . These are indicated in Fig. 3 with two more possible sites that match the above consensus. p130 protein does not have potential phosphorylation sites for Ž . those kinases in the N-terminal region Fig. 3 . On the other hand, p130 has an additional potential phosphorylation site for cyclic adenosine monophos-Ž . phate cAMP -dependent protein kinase, close to the conserved phosphorylation site for casein kinase II Ž . CK2 in the extreme N-terminal region. Since cAMP induces G1 phase arrest in some types of cells and it is mediated, at least in part, by a CDK inhibitor kip1 w x p27 25 , it would be important to examine whether or not p130 and p107 are involved and play a role in the cAMP signal transduction pathway. p130 also differs from pRb by having an additional potential phosphorylation site of CK2 in the B pocket region Ž . Fig. 3 . It is pointed out that there is a unique RGD Ž . arginine-glycine-aspartic acid sequence which could be a target of binding for the integrin family of receptors within the B pocket region of p130. These characteristic features on the amino acid sequence suggest that p130 and pRb proteins may be subject to To confirm that the protein encoded by our p130 cDNA is capable of binding to E1A, in vitro-synthesized p130 was tested for its ability to bind to E1A. A 3.5 kb cDNA which contained the entire open read-Ž . ing frame ORF produced a translation product migrating at about 130 kD in in vitro Ž . transcriptionrtranslation reactions Fig. 4A . The radioactively labeled in vitro-translated p130 was incu-Ž . bated with glutathione S transferase GST -E1A fusion proteins containing the amino acid residues 27-134 of type 12 E1A or 22-116 of type 5 E1A. These Ž . portions of E1A include the conserved region 1 CR1 and CR2 regions of E1A, which have been shown to be sufficient for interaction with the Rb family prow x teins 26 . The results in Fig. 4B show that the in vitro translated rat p130 was capable of binding to both type 5 and type 12 E1A proteins. A mutation Ž . 44,45KL within the pRb binding sequence of the CR1 region had only a slight effect in agreement with w x the previous results 15 .
The chromosomal localization of the rat p130 gene was determined by fluorescence in situ hybridization Ž . FISH using biotin-labeled rat p130 cDNA to probe metaphase chromosomes from rat splenocytes. The majority of the metaphases examined showed specific labeling of at least one pair of sister chromatids. In many metaphases, the sister chromatids of both homologous chromosomes were labeled. In all cases, signal was confined to a small chromosome which Ž . was identified as chromosome 19p11-13 data that mapped the p130 gene on chromosome 19 by Southern blot analysis of a panel of somatic cell w x hybrids using human p130 cDNA as a probe 29 .
The Rb family proteins are capable of forming complexes with the E2F family of transcription factors that have been implicated in the control of a number of genes whose expression is critical for cell growth. Complexes between E2F and pRb can supw x press transcription when bound to E2F sites 30 . Upon phosphorylation of pRb, pRb-E2F complexes dissociate and the released E2F can then activate w x transcription 31,32 . Recent studies have revealed that p130 exerts a growth suppressive function through interaction with the E2F transcription factors and that p130 and pRb interact functionally with w x different members of the E2F family 33,34 . p130 also is a phosphoprotein and its phosphorylation state is regulated in a cell cycle-dependent manner w x 13,35,36 . The fact that p130 can interact with G1 w x cyclin-CDK complexes 13,14,37 would be, at least in part, a mechanistic basis of the cell cycle dependent phosphorylation of p130.
The present study will provide a cognate tool for further analyses of the p130 functions in rat cells in vivo and in vitro. 
